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COMMENTARY Open Access
Pilgrims and MERS-CoV: what’s the risk?
Tarek Soliman1, Alex R Cook1,2* and Richard J Coker1,3
Abstract
The risk of Middle East Respiratory Syndrome Coronavirus spreading globally is worrying, given the annual mass
gathering of the Hajj and the year-long influx of pilgrims undertaking the Umrah. Based on the incidence in Saudi
Arabia since June 2012, the most likely scenario given recent pilgrim numbers is estimated to be one case per Hajj,
and three Umrah pilgrims per year, but which could plausibly reach seven and ten pilgrims respectively. In addition
to the 2015 Hajj, national surveillance systems should be on the alert for the low but long-lasting risk of infected
pilgrims returning from the Umrah throughout the year.
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Background
A decade after SARS, another coronavirus associated
with high mortality rates is the subject of global concern
[1]. As of 21st of December 2014, there have been 938
cases of Middle East Respiratory Syndrome Coronavirus
(MERS-CoV), the vast majority of which (822) have
been identified within the Kingdom of Saudi Arabia
(KSA) [2]. Of the Saudi cases, 355 (43%) have died [2],
prompting the World Health Assembly to express its
concern about the situation [3]. The risk of international
disease spread is especially worrying given KSA’s role as
the home of the most important pilgrimage sites in Islam,
which leads to the large mass gathering of the annual Hajj,
in which two million pilgrims converge on the KSA, and
the ‘minor’ Umrah, which sees six million pilgrims arrive
throughout the rest of the year. During the 2013 Hajj,
Saudi authorities did not report any MERS-CoV cases, al-
though later, findings have been reported in several coun-
tries such as the United Kingdom, Malaysia, Jordan and
the United Arab Emirates [4]. However, given the recent
upsurge in cases in the KSA that began in April 2014 [5],
and detected cases among returning pilgrims from the
Umrah [6], the risk from returning pilgrims should not be
ignored. In particular, countries with sizeable Muslim pop-
ulations need to prepare, not just during the next Hajj, but
for cases among pilgrims returning from the year-round
Umrah. Understanding what the risk to pilgrims is, what
the risks of pilgrims returning with MERS-CoV is, and
whether human to human transmission on their return
poses a public health threat, is vital. Surveillance and con-
trol measures in response to this threat may need to be
adapted or developed.
Methods
The risk of infection to pilgrims coming from different
regions can be estimated based on overall incidence of
disease in humans in the KSA of MERS-CoV since the
first infection in June 2012. Each year, the number of pil-
grims entering KSA for the Hajj and Umrah is deter-
mined by a quota set by the Saudi Authorities, based
upon the total country size and the proportion of the
country that is Muslim [7]. This quota was used to de-
velop a spatial distribution of risk by region of the world
(Table 1). As MERS-CoV infection is a rare event, the
risks of at least one infection in the travellers from each
region were determined from the Poisson distribution
parameterised by the expected number of cases during
the Hajj period and throughout the year for Umrah [8].
The number of cases in which countries in each region
should prepare for can be represented by the 95 percent
upper bound of the distribution. The expected number
of cases is calculated by multiplying the number of pil-
grims entering KSA [9], the average duration of time pil-
grims stay in KSA (which is around 21 days for Hajj and
7 days for Umrah) [10], and the incidence of MERS-CoV
per day, estimated based on reports from KSA [2].
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Results
Based on the incidence in the KSA since June 2012, we
estimate that the most likely scenario is of one pilgrim
becoming infected, with an estimated maximum of seven
cases, during each period of the Hajj. If there are infec-
tions, pilgrims from the Middle East, including pilgrims
originating in the KSA, would constitute around 35 per-
cent of cases, markedly lower than their share of infec-
tions thus far (89 percent) [5]. The risk of at least one
case in the Middle East was estimated to be 54 percent.
Other areas at potential risk are Africa and most of
Asia, given their large Muslim populations. The propor-
tion of cases from (Central and North, South, and
Southeast) Asia and Africa were estimated at 41 and 18
percent respectively. By contrast, the Americas, Europe
and East Asia are likely to witness few if any cases in
returning pilgrims. Best estimates are that three cases
are likely to occur during the Umrah, with a maximum
of ten cases (Table 1).
Conclusion
Despite the circulation of MERS-CoV in the KSA since
2012, and conditions of overcrowding, and intense human-
to-human contacts during the Hajj in particular, there has
not been the rapid dissemination of MERS-CoV among
returning pilgrims that might have been feared. Given this,
and the lack of onward transmission from those pilgrims
who subsequently were reported to be infected suggests
that MERS-CoV does not pose a global threat of the same
level as did Severe Acute Respiratory Syndrome (SARS).
As the incubation period has been estimated to be shorter
than the total length of stay of Hajj pilgrims and longer
than the length of stay of Umrah pilgrims in KSA, it is
likely that most infections during the Hajj will have onset
while still in KSA, while any infected Umrah cases are
more likely to present in their home countries. In principle,
our estimate of a small number of pilgrims likely to be
infected during the Hajj and Umrah could be an underesti-
mate, if overcrowding and the arduous physical demands
that pilgrims experience play a part in transmission and
disease progression [10], however, the many opportunities
for transmission over several years supports our low esti-
mates. Epidemiological analysis of infected cases does not
support human to human transmission, although uncer-
tainty is still present in the sources of infection and pos-
sible transmission modes. As a result, port and national
Table 1 Potential risk of MERS-CoV during the Hajj and Umrah
Region Pilgrimage Number of Pilgrims,
thousands1
Risk of at least
one case (%)
Expected number of
pilgrims returning
with MERS-CoV2
Max cases (95%
uncertainty)
Southeast Asia Hajj 201 10% 0 1
Umrah 577 11% 0 1
Central and North Asia Hajj 206 10% 0 1
Umrah 594 12% 0 1
South Asia Hajj 435 21% 0 1
Umrah 1,252 21% 1 2
East Asia Hajj 20 1% 0 0
Umrah 59 1% 0 0
North Africa Hajj 167 9% 0 1
Umrah 482 10% 0 1
Middle East Hajj 805 35% 1 2
Umrah 2,315 31% 1 3
Sub-Saharan Africa Hajj 208 11% 0 1
Umrah 599 12% 0 1
Europe Hajj 38 2% 0 0
Umrah 109 2% 0 1
Americas Hajj 5 ~0% 0 0
Umrah 13 ~0% 0 0
Total3 Hajj 2,085 100% 1 7
Umrah 6,000 100% 3 10
1Estimated values based on the ‘proportional rule’ of Hajj. The Middle East figure accounts for internal Saudi pilgrims, for whom the proportional rule differs.
2Numbers of cases are rounded.
3Totals of the ‘expected number of Umrah pilgrims returning with MERS-CoV’ differs from the summation of the expected number per region due to rounding.
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surveillance systems as well as clinicians and travel medical
teams should be on the alert for the risk of small num-
ber of MERS-CoV returning from KSA, not just during
the next Hajj, but less-obviously throughout the year
from the Umrah. Shortage in resource capacities and in-
equitably distributed medical resources in some poten-
tial low and middle income countries in Africa and Asia
may call for additional international assistance to pre-
vent and control infection. A timely mobilization of
essential resources could potentially prevent further dis-
persal of the disease in these countries.
Ethics committee approval
There was no need to obtain ethics committee approval.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
Conceived the study: ARC, TS; Wrote the paper: TS, ARC, RJC; Approved
submission: TS, ARC, RJC.
Acknowledgment
This work was funded by the Ministry of Health (grant number CDPHRG/
0009/2014), Ministry of Education Academic Research Fund, and the National
University Health System (grant number NUHSRO/2013/142/H7N9/04). The
funders had no role in the study design or the decision to publish.
Author details
1Saw Swee Hock School of Public Health, National University of Singapore
and National University Health System, Tahir Foundation Building, 12 Science
Drive 2, Singapore 117549, Republic of Singapore. 2Yale-NUS College, 6
College Ave E, Singapore 138614, Republic of Singapore. 3London School of
Hygiene and Tropical Medicine, Keppel St, Bloomsbury, London WC1E 7HT,
UK.
Received: 21 August 2014 Accepted: 4 February 2015
References
1. The WHO MERS-CoV Research Group. State of Knowledge and Data Gaps of
Middle East Respiratory Syndrome Coronavirus (MERS-CoV) in Humans. PLoS
Curr. 2013. Available: http://currents.plos.org/outbreaks/?p=23143. Accessed
20 June 2014.
2. Coronavirus Website - Ministry of Health, Kingdom of Saudi Arabia
[http://www.moh.gov.sa/en/CCC/].
3. WHO. Sixty-sixth World Health Assembly closes with concern over new
global health threat. 2013. Available: http://www.who.int/mediacentre/news/
releases/2013/world_health_assembly_20130527/en/. Accessed 3 July 2014.
4. WHO. Middle East respiratory syndrome coronavirus (MERS-CoV) summary
and literature update–as of 11 June 2014. Geneva, Switzerland: World
Health Organization; 2014. Available: http://www.who.int/csr/disease/
coronavirus_infections/archive_updates/en/.
5. WHO. MERS-CoV summary update 16: summary and literature update as of
11 June 2014. Geneva, Switzerland: World Health Organization; 2014.
Available: http://www.who.int/entity/csr/disease/coronavirus_infections/
MERS-CoV_summary_update_20140611.pdf?ua=1.
6. European Centre of Disease Prevention and Control. Rapid risk assessment:
Severe respiratory disease associated with Middle East respiratory syndrome
coronavirus (MERS-CoV), Eleventh update. 2014. Available: http://www.ecdc.
europa.eu/en/publications/Publications/Middle-East-respiratory-syndrome-
coronavirus-Saudi%20Arabia-Qatar-Jordan-Germany-United-Kingdom.pdf
7. El Hanandeh A. Quantifying the carbon footprint of religious tourism: the
case of Hajj. J Clean Prod. 2013;52:53–60. doi:10.1016/j.jclepro.2013.03.009.
8. Barbour AD, Holst L, Janson S. Poisson Approximation. Oxford England: New
York: Oxford University Press; 1992. p. 288.
9. CDSI: Actual inventory of pilgrims 2013: Kingdom of Saudi Arabia: Central
department of statistics and information, Kingdom of Saudi Arabia
[http://www.cdsi.gov.sa/pdf/Hajj_34.pdf]
10. Memish ZA, Zumla A, Al-Tawfiq JA. How great is the risk of Middle East
respiratory syndrome coronavirus to the global population? Expert Rev
Anti Infect Ther. 2013;11:979–81. http://www.ncbi.nlm.nih.gov/pubmed/
24093587.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Soliman et al. Emerging Themes in Epidemiology  (2015) 12:3 Page 3 of 3
